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ABSTRACT
Background. The urban environment may increase the risk for psychotic disorder in interaction
with pre-existing risk for psychosis, but direct conﬁrmation has been lacking. The hypothesis
was examined that the outcome of subclinical expression of psychosis during adolescence, as an
indicator of psychosis-proneness, would be worse for those growing up in an urban environment,
in terms of having a greater probability of psychosis persistence over a 3.5-year period.
Method. A cohort of 918 adolescents from the Early Developmental Stages of Psychopathology
Study (EDSP), aged 14–17 years (mean 15.1 years), growing up in contrasting urban and non-urban
environments, completed a self-report measure of psychotic symptoms at baseline (Baseline
Psychosis) and at ﬁrst follow-up around 1 year post-baseline (T1). They were again interviewed by
trained psychologists for the presence of psychotic symptoms at the second follow-up on average
3.5 years post-baseline (T2).
Results. The rate of T2 psychotic symptoms was 14.2% in those exposed to neither Baseline
Psychosis nor Urbanicity, 12.1% in those exposed to Urbanicity alone, 14.9% in those exposed to
Baseline Psychosis alone and 29.0% in those exposed to both Baseline Psychosis and Urbanicity.
The odds ratio (OR) for the combined exposure was 2.46 [95% conﬁdence interval (CI) 1.46–4.14],
signiﬁcantly greater than that expected if Urbanicity and Baseline Psychosis acted independently.
Conclusion. These ﬁndings support the suggestion that the outcome of the developmental
expression of psychosis is worse in urban environments. The environment may impact on risk
for psychotic disorder by causing an abnormal persistence of a developmentally common
expression of psychotic experiences.
INTRODUCTION
There may be no other issue in schizophrenia
research with more far-reaching public health
implications than the ﬁnding that young
people growing up in an urban environment
accumulate an increased risk for schizophrenia
(Lewis et al. 1992; Torrey et al. 1997; Marcelis
et al. 1999a ; Mortensen et al. 1999; Van Os et al.
2001; Spauwen et al. 2004). It is likely that the
kind of geographical variation in incidence
associated with urbanization reﬂects an en-
vironmental exposure, and that this environ-
ment has its impact, through continuous or
repeated exposure, on developing children and
adolescents. Thus, the time window of exposure
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is not around the time of birth and not around
the time of onset of psychotic disorder, but in
between (Marcelis et al. 1999b ; Pedersen &
Mortensen, 2001a). Recent studies in Germany,
Greece, the UK and The Netherlands (Van Os
et al. 2001; Spauwen et al. 2004; Stefanis et al.
2004a) have shown that the increased level of
risk for psychotic disorder in urban populations
can also be observed at the level of isolated
psychotic symptoms, independent of service
use, sociodemographic factors including ethnic
group, drug use and size of social network
(Pedersen & Mortensen, 2001a, b ; Van Os et al.
2001). Recent analyses also suggest that the
increased risk for psychotic disorder and psy-
chotic symptoms in urban areas is not mediated
by neuropsychological impairment, obstetric
complications or childhood socio-economic
position (Harrison et al. 2003; Stefanis et al.
2004a).
The urban exposure is unlikely to represent
a non-causal epiphenomenon resulting from
genetic selection, because changes in urban
exposure states during childhood also result in
changes in risk for the outcome of adult psy-
chosis (Pedersen & Mortensen, 2001a). There is
evidence, however, that rather than selection,
pre-existing vulnerability may play a role by
making individuals more susceptible to the risk-
increasing eﬀect of the environmental factor
associated with urbanicity (Van Os, 2004). If
pre-existing vulnerability makes individuals
more sensitive to the risk-increasing eﬀect of
the urban factor, those with the highest indices
of vulnerability would be expected to be par-
ticularly susceptible. In two previous studies
examining vulnerability–urbanicity interaction,
family history of psychosis was used as an indi-
cator of genetic liability, rather than a more
direct indicator at the level of the person (Van
Os et al. 2003, 2004). In the current study,
we wanted to examine the association between a
personal indicator of psychosis-proneness and
the urban environment, in a sample of ado-
lescents growing up in diﬀerentially urbanized
environments. This design allows for a direct
examination of the outcome of psychosis-
proneness in urban versus more rural environ-
ments.
The psychosis phenotype is thought to
be expressed at levels well below its clinical
manifestation, commonly referred to as
psychosis-proneness, psychotic experiences,
schizotypy or at-risk mental states (Meehl,
1962; Chapman et al. 1994; Kwapil et al. 1997;
Verdoux et al. 1998a ; Vollema, 1999; Van Os
et al. 2000; Stefanis et al. 2004b). Psychotic
experiences are a suitable indicator of risk as
they are associated with genetic risk for psy-
chotic disorder (Miller et al. 2002) and have a
high predictive value for later psychotic out-
comes (Chapman et al. 1994; Poulton et al.
2000; Yung et al. 2003; Hanssen et al. 2005).
In addition, recent work has shown that
psychotic experiences, whether measured by
self-report or by structured interview, show
family-speciﬁc transmission in the general popu-
lation (Hanssen et al. in press), and a twin study
has reported that such familial clustering was
due to shared genes (Linney et al. 2003). If subtle
psychotic experiences can be considered as an
indicator of risk and if there is an association
between pre-existing risk and the urban en-
vironment, the outcome of psychotic experi-
ences would be expected to be worse for young
people growing up in an urban environment.
We therefore tested the hypothesis that the
outcome of psychotic experiences, in terms
of their persistence, would be greater in ado-
lescents growing up in an urban environment.
SUBJECTS AND METHOD
Sample
The Early Developmental Stages of Psycho-
pathology (EDSP) Study (Lieb et al. 2000a)
collected data on the prevalence, incidence, risk
factors, co-morbidity and course of mental dis-
orders in a random, representative population
sample of adolescents and young adults (age
range 14–24 years at baseline) in the Munich
area (Germany). The overall design of the study
is prospective (average 42 months), consisting
of a baseline survey (n=3021), two follow-up
surveys and a family supplement. Fourteen- to
15-year-olds were sampled at twice the rate of
those aged 16–21, and 22- to 24-year-olds were
sampled at half this rate. Because the primary
aim of the study was to examine the incidence
of psychopathology, the young group with the
presumed highest incidence was included at
twice the rate and the oldest group at half
the rate. A complete and detailed description
of design, sample, instruments, procedures and
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statistical methods of the EDSP is given else-
where (Wittchen et al. 1998).
The baseline sample was drawn in 1994 from
the government registries in Munich, Germany,
of registrants expected to be 14–24 years of age
at the time of the baseline interview in 1995.
Details about the sampling and representative-
ness of the whole EDSP sample, along with
its sociodemographic characteristics, have been
presented previously (Wittchen et al. 1998; Lieb
et al. 2000a). A total of 3021 interviews were
completed at baseline (T0; response rate 71%).
The ﬁrst follow-up study (T1) was conducted
only for respondents aged 14 to 17 years
at T0, whereas the second follow-up study
was conducted for all respondents. From the
3021 respondents of the T0 study, a total of
2548 interviews were completed at the second
follow-up (T2), which occurred at an average
of 42 months after T0 (response rate 84%).
In the EDSP family supplement at T1, direct
diagnostic interviews were conducted with the
parents of the younger cohort (the 14- to
17-year-olds at T0) to obtain information about
familial psychopathology (Lieb et al. 2000b).
Primarily the mothers were interviewed. Fathers
were interviewed only if the mother was not
available (deceased or not located). The sample
of parents thus consisted of 1053 individuals
(1026 mothers and 27 fathers). Non-response in
parents was predominantly because of refusal to
participate (12.9%), failure to contact parents
(0.7%), and lack of time (0.5%).
For the current report, the risk set consisted
of all subjects who were 14–17 years of age
(the younger cohort) at T0 and had completed
both the ﬁrst and second follow-up and
whose demographic and family history data
were documented. This risk set (n=918) was
used as it allowed examination of individuals
who were as much as possible within the pre-
viously demonstrated (Pedersen & Mortensen,
2001a) window of exposure of the urban
environment.
Instruments
Subjects were assessed with the computer-
assisted version of the Munich-Composite
International Diagnostic Interview (M-CIDI)
(Wittchen & Pﬁster, 1997), an updated version
of the World Health Organization’s Composite
International Diagnostic Interview version 1.2
(WHO, 1990). Diagnostic ﬁndings, according
to the explicit diagnostic criteria of the
DSM-IV (APA, 1994), were obtained by using
the M-CIDI diagnostic algorithms. The CIDI is
designed for use by trained interviewers who are
not clinicians and has high inter-rater reliability
(Cottler et al. 1991; Wittchen et al. 1991) and
high test–retest reliability (Wittchen, 1994). The
assessment of psychosis with CIDI interviews
by lay interviewers is not considered reliable
(Anthony et al. 1985). Therefore, in the EDSP,
trained psychologists who were allowed to
probe with follow-up clinical questions conduc-
ted the interviews. Most interviews were carried
out in the homes of the respondents. At T0,
the lifetime version of the M-CIDI was used. At
each of the follow-up assessments, the M-CIDI
interval version was applied, which refers to the
period of assessment from the last interview
until the present.
Data on the M-CIDI-G-section about psy-
chosis were only collected at T2 assessment,
when lifetime ratings of psychosis were made,
yielding cumulative incidence data up to the
respective age of respondents at T2. At T0,
and again at T2, participants additionally com-
pleted the self-report Symptom Checklist-90-R
(SCL-90-R) to screen for a broad range of
psychological problems and symptoms of psy-
chopathology. The SCL-90-R measures nine
primary symptom dimensions and is designed
to provide an overview of a patient’s symp-
toms and their severity (symptoms are scored
dimensionally on a severity scale from 0 to 4)
in the past 2 weeks. Reliability and validity of
the SCL-90-R have been established previously
(Derogatis & Cleary, 1977; Bonicatto et al.
1997).
Baseline and T1 assessment of Baseline
Psychosis
The SCL-90-R subscales ‘Psychoticism’ and
‘Paranoia’ were used to measure liability for
psychosis at baseline and at ﬁrst follow-up
(T0 and T1). These scales include self-reports on
thought interference, hallucinations and sus-
piciousness, and can be regarded, if not as clear-
cut psychotic symptoms, as an expression of
psychotic experiences or psychosis-proneness
(items 7, 8, 16, 18, 35, 43, 62, 68, 76, 77, 83–85,
87, 88, 90). The ‘Psychoticism’ and ‘Paranoia’
scales were combined into one psychosis scale
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by adding their scores and dividing the sum
by two, and the T0 and T1 psychosis scales
were similarly combined into one T0/T1 base-
line psychosis measure. For the purposes of
the analyses, ‘SCL Baseline Psychosis ’ was a
priori deﬁned dichotomously as the group of
individuals with the highest 25% of scores.
T2 psychosis outcome
In the adolescents and young adults, the ratings
from the 15 M-CIDI core psychosis items
on delusions (11 items) and hallucinations
(four items) were used to assess the presence of
psychotic symptoms (items G3–G5, G7–G14,
G17, G18, G20, G21). These concern classic
psychotic experiences involving, for example,
persecution, thought interference and auditory
hallucinations. Subjects were ﬁrst asked to read
a list with all the psychotic experiences and
then interviewed by the psychologist (list and
phrasing available on request). Onset of psy-
chotic symptoms was recorded as within the
past year or before that time.
All psychosis items could be rated in two
ways: 0 (no) and 1 (yes). The study was not
powered for the study of rare psychotic dis-
orders, but instead focused on the presence of
positive psychotic experiences. The psychosis
outcome in this study was deﬁned as at least
one positive rating on any of the 15 M-CIDI
core psychosis items. This outcome will be
referred to hereafter as the T2 CIDI psychosis
outcome. More details on the methods have
been described elsewhere (Lieb et al. 2000a).
Urbanicity was deﬁned as the German city of
Munich versus the surroundings of Munich. The
population density of the surroundings was 553
persons per square mile and that of the city was
4061 persons per square mile.
Statistical analysis
All standard errors and test statistics were
estimated using the software package STATA,
version 8 (StataCorp, 2003). Main eﬀects
were expressed as odds ratios (ORs) and their
95% conﬁdence intervals (CIs) from the logistic
regression procedure. Conforming to previous
work (Van Os et al. 2002, 2003; Van Os, 2004),
interaction was calculated under an additive
model rather than a multiplicative model as only
additive interaction can be interpreted biologi-
cally in a meaningful way, yielding information
on the extent to which two causes depend on
each other or co-participate in disease causation
(Darroch, 1997). In the logistic regression
model, Baseline Psychosis and Urbanicity are
additively associated with the logit of the
probability of onset but multiplicatively linked
to the probability itself. We estimated additive
interaction by comparing the ORs for the
combined categories of SCL Baseline Psychosis
and Urbanicity with what would be expected in
the case of no interaction. If Ri, j is the relative
risk for exposures, i and j=1 (present) or 0
(absent), then the additive model in the case
of absence of interaction or independence of
eﬀects, with R0, 0 as the common reference
category, is : R1,1=R1,0+R0,1x1 (Rothman,
1986). Assuming that the ORs are approxi-
mately equal to the relative risks (which is true
for disorders with a reasonably low prevalence),
absence of interaction would be OR(1,1)=OR
(1,0)+OR(0,1)x1. This latter equation was
assessed by the Wald test [testing the null hypo-
thesis of OR(1,1)xOR(1,0)xOR(0,1)+1=0],
adjusting for gender, SES (socio-economic
status: a combination of social status and
ﬁnancial status), any drug use (mainly canna-
bis) and a family history of psychotic disorder
as reported by the parents, guided by previous
literature in the choice of these covariates (Van
Os et al. 2001, 2002).
As the prevalence of psychotic symptoms was
high enough to possibly violate the assumption
that the ORs are approximately equal to the
relative risks, results were also calculated with
an additive risk model rather than the additive
relative risk model described above (Greenland,
1993). To this end, the BINREG procedure in the
STATA statistical program, which ﬁts generalized
linear models for the binomial family estimating
risk diﬀerences (risk diﬀerence regression), was
used. Absence of interaction here, with risk dif-
ference (0,0) as the common reference category,
would correspond to: risk diﬀerence(1,1)=risk
diﬀerence(1,0)+risk diﬀerence(0,1).
As some adolescents may have reported
T2 CIDI psychotic symptoms that they might
have already had at the time of T0 and or T1, a
sensitivity analysis was conducted excluding
adolescents who had reported onset of T2 CIDI
psychotic symptoms longer than 1 year ago,
ensuring prediction of only incident psychotic
symptoms.
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RESULTS
As described earlier, the analysis was based on a
total of 918 adolescents (472 males, 51%) with a
mean age of 15.1 years (S.D.=1.1) who com-
pleted the ﬁnal follow-up investigation. The
mean T0/T1 SCL Baseline Psychosis score was
0.31 (S.D.=0.30). Of the 918 adolescents, 633
(69%) were living in an urban environment.
The presence of SCL Baseline Psychosis (25%
highest SCL Baseline Psychosis scores) was
similar in rural and urban-dwelling adolescents
(rural 26%, urban 24%, x2=0.40, p=0.53).
One-hundred and forty-three adolescents (16%)
had ever had at least one T2 CIDI psychotic
symptom. Of these 143, 76% reported onset of
symptoms within the past year.
Urbanicity, SCL Baseline Psychosis and T2
CIDI psychotic symptoms
The rates of T2 CIDI psychotic symptoms in
the four exposure states are depicted in Table 1,
together with their odds ratios. The rate of
T2 psychotic symptoms was 14.2% in those
exposed to neither SCL Baseline Psychosis
nor Urbanicity, 12.1% in those exposed to
Urbanicity alone, 14.9% in those exposed to
SCL Baseline Psychosis alone and 29.0% in
those exposed to both SCL Baseline Psychosis
and Urbanicity. The OR for the combined
exposure category was 2.46 (95% CI 1.46–4.14),
whereas for SCL Baseline Psychosis alone it was
1.05 (95% CI 0.50–2.23) and for Urbanicity
alone it was 0.83 (95% CI 0.52–1.33). This
suggests a departure from independence, as
the expected OR in the case of independence
would have been 0.88 (1.05+0.83x1=0.88).
The formal test of OR(urban+high liability)
xOR(high liability)xOR(urban)+1=0 indi-
cated signiﬁcant interaction (x2=5.5, p=0.020;
adjusted x2=6.2, p=0.013). Excluding the 24%
of adolescents with T2 CIDI psychotic symp-
toms with onset more than 1 year ago did not
change the results (x2=4.4, p=0.037). Similarly,
using the additive risk model rather than the
additive relative risk model also yielded similar
results (x2=6.8, p=0.009; adjusted x2=3.5,
p=0.06; recent psychotic symptoms only
x2=12.8, p=0.0004).
DISCUSSION
The risk-increasing eﬀect of urbanicity on the
occurrence of psychotic symptoms was only
apparent in those with pre-existing psychotic
experiences, independent of other variables that
are known to increase the risk for psychosis.
This study, using psychometric measures of
psychosis-proneness, provides a more direct
conﬁrmation of previous research (Van Os et al.
2003, 2004), where it was found that a proxy
genetic risk factor for schizophrenia interacted
synergistically with the proxy environmental
risk factor that urbanicity represents, and that a
substantial proportion of individuals exposed to
both the environmental and the genetic risk
factors developed the disorder because of their
co-participation. To the extent that variation in
measures of psychosis-proneness is due to gen-
etic factors (Linney et al. 2003), the current
ﬁndings may represent gene–environment inter-
action. However, to the extent that variation
in measures of psychosis-proneness is due to
environmental factors (Van Os et al. 2005),
Table 1. Rates of T2 CIDI psychotic symptoms according to the four exposure states formed
by Urbanicity (urban versus rural) and SCL Baseline Psychosis (high versus low)
Exposure status
Urbanicity
Rural Urban
SCL Baseline Psychosis
Low 14.2% (30/211) 12.1% (58/481)
(OR 1) (OR 0.83, 95% CI 0.52–1.33)
High 14.9% (11/74) 29.0% (44/152)
(OR 1.05, 95% CI 0.50–2.23) (OR 2.46, 95% CI 1.46–4.14)
Test OR (UrbanxSCL Baseline Psychosis high)xOR (SCL Baseline Psychosis high)xOR (Urban)+1=0: x2=6.2, p=0.013a
OR, odds ratio; CI, conﬁdence interval.
a Adjusted for gender, socio-economic status, drug use and a family history of psychotic disorder as reported by the parents.
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the ﬁndings may represent environment–
environment interaction. The results are not due
to person–environment correlation, as urban-
icity was not associated with the SCL Baseline
Psychosis measure.
The T0/T1 measure of SCL Baseline Psy-
chosis was in fact an SCL-90-R self-report of
psychotic experiences, whereas the T2 CIDI
psychotic symptom outcome was based on the
M-CIDI clinical interview. This leaves the ﬁnd-
ings open to two related but slightly diﬀerent
interpretations. First, transition from T0/T1
SCL Baseline Psychosis to T2 CIDI psychotic
symptoms may reﬂect the transition from
expression of psychosis-proneness at T0/T1 to
expression of more severe overt symptoms at T2.
Second, if T0/T1 SCL-90-R psychotic experi-
ences are considered to be conceptually identical
to the T2 psychotic symptoms of the M-CIDI
psychosis section, transition from T0/T1 SCL
Baseline Psychosis to T2 CIDI psychotic symp-
toms reﬂects persistence of subclinical psychosis.
In fact, either interpretation would be important
and shed light on the mechanism whereby
the urban environment increases the risk for
psychosis. The conservative interpretation is
that the outcome of the age-associated rise in
expression of psychosis associated with puberty
(Galdos et al. 1993), which is common and
can be measured in the general population, is
more likely to persist in an urban environment,
whereas in rural environments the expression
declines again with age and therefore has a
better outcome. These ﬁndings may be import-
ant, as they suggest that the ontogenesis of psy-
chosis may be conceived as the poor outcome of
a developmentally common psychosis pheno-
type that, under the inﬂuence of environmental
factors, may display abnormal persistence thus
possibly increasing the risk for progression to-
wards clinical psychotic disorder.
The fact that in these data SCL Baseline
Psychosis had no main eﬀect in the absence of
the urban environment and vice versa that the
urban environment had no main eﬀect in the
absence of SCL Baseline Psychosis suggests that
these two exposures are heavily co-dependent
on each other in inﬂuencing risk, and that pre-
vious reports of ‘main’ eﬀects of these factors
may in fact reﬂect unmeasured interaction. A
pattern of complete interaction in the absence of
main eﬀects makes sense epidemiologically, as
a rare disease such as schizophrenia can only
be credibly linked to an extremely prevalent
exposure such as urbanicity if strong interaction
with a third factor is present.
A possible mechanism of risk may reside in
behavioural and/or neurochemical sensitization.
Living in an urban environment is associated
with increased exposure to environmental stress
(high traﬃc densities, neighbourhood noise,
violence and victimization, reduced social
capital and pollution). The enduring enhance-
ment of the behavioural response to this
environmental stress is described as behav-
ioural sensitization (Myin-Germeys et al.
2005a). Behavioural sensitization in relation to
environmental stress may be interpreted in the
light of the dopamine (DA) sensitization hypo-
thesis of psychotic symptoms. It has been
suggested that schizophrenia is associated with
endogenous DA sensitization, a state charac-
terized by hyper-responsiveness of DA neurons
to environmental stimuli in which even exposure
to moderate levels of stress are associated with
excessive DA (Laruelle, 2000; Kapur, 2003).
Furthermore, it has been suggested that DA
mediates the expression of psychotic experi-
ences in patients with schizophrenia (Marcelis
et al. 2004; Myin-Germeys et al. 2005b).
Methodological issues
Psychotic symptoms cannot be equated with
psychotic disorder. Symptoms are more preva-
lent than DSM-IV-deﬁned psychotic disorders
(APA, 1994), but nevertheless show a degree of
continuity with more severe states such as
schizophrenia (Poulton et al. 2000; Johns & Van
Os, 2001; Yung et al. 2003). Apart from strong
evidence of phenomenological continuity in
form and structure (Vollema & Van den Bosch,
1995; Gruzelier, 1996; Vollema & Hoijtink,
2000; Mata et al. 2003), continuity between
symptoms and disorder is further suggested
by (i) similar associations with demographic
factors in epidemiological studies, in particular
the negative association with age and the posi-
tive association with single marital status and
social disadvantage (Verdoux et al. 1998b ;
Peters et al. 1999; Van Os et al. 2000; Johns &
Van Os, 2001), (ii) transitions over time from
symptoms to disorder, even over periods longer
than 15 years (Chapman et al. 1994; Poulton
et al. 2000; Hanssen et al. 2005), (iii) familial
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co-clustering of the clinical and the subclinical
(Kendler et al. 1993), (iv) strong dose–response
eﬀects of the urban environment on both
symptoms and disorder (Van Os et al. 2001;
Stefanis et al. 2004a), (v) sharing of cognitive
and motor deﬁcits (Lenzenweger & Korﬁne,
1994; Voglmaier et al. 2000; Neumann &
Walker, 2003; Matsui et al. 2004), although
this may not hold for all cognitive measures
(Lenzenweger & Gold, 2000; Johnson et al.
2003), (vi) sharing of risk genes (Stefanis et al.
2004c) and sharing of environmental risk
factors such as cannabis (Arseneault et al. 2002;
Van Os et al. 2002; Fergusson et al. 2003).
Use of the SCL-90-R as a measure of baseline
psychosis-proneness is a possible limitation, as
assessment of the SCL covers only the past 2
weeks. This might have led to false negatives in
the baseline assessment of liability to psychosis.
However, any possible bias in the direction of
false negatives would have only decreased risk
diﬀerences between groups, suggesting even
larger eﬀects of baseline liability than observed
in the present study.
Another limitation of this work concerns
the use of the CIDI to assess psychosis at
T2 (Anthony et al. 1985). However, the use of
face-to-face interviewing by psychologists can
be expected to yield a much better result
than a self-report questionnaire. Furthermore,
the psychologists were allowed to probe
with follow-up clinical questions so that the
respondents’ answers cannot be taken to rep-
resent self-report, as would be the case in the
event of lay interviewer assessments. In the
M-CIDI, the assessment of the symptoms does
not include the degree of distress or disability
associated with the symptoms. Respondents
who only have minor distress cannot be dis-
tinguished from respondents who have major
distress. However, it has been demonstrated
that psychotic or psychosis-like symptoms may
occur in the population without any accom-
panying distress (Van Os et al. 2001).
A possible ﬁnal limitation of the study is
that urban or rural residence was used as the
exposure variable and that it is not known
whether place of residence was the same as place
of growing up. However, given the fact that this
was a sample of individuals who were either still
growing up or who had just reached adulthood,
the rate of exposure misclassiﬁcation is likely to
be low, and misclassiﬁcation would have served
to reduce rather than to increase the reported
association. The fact that the diﬀerence between
the urban and rural population densities was
almost eightfold attests to the validity of the
exposure, although it did not allow for examin-
ation of dose–response relationships.
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